Abstract
INTRODUCTION
As a common malignant tumour of the digestive system, rectal cancer is associated with high morbidity and mortality [1] . Local recurrence greatly affects the treatment efficiency and the survival outcomes for patients with rectal cancer. Lateral pelvic lymph node (LPLN) metastasis (LPNM) is an important factor for local recurrence after surgery in patients with middle-low rectal cancer, and approximately 8.6% to 21.0% of patients with middle-low rectal cancer have associated LPNM [2] [3] [4] . As one of the effective treatment methods, laparoscopic LPLN dissection (LPND) can significantly reduce the local recurrence rate compared with simple total mesorectal excision (TME) surgery [3, [5] [6] [7] , and its safety and feasibility have also been confirmed by previous studies [8] [9] [10] . In clinical applications, laparoscopic LPND is limited by various complications because the ureters and hypogastric nerves might be damaged without efficient guidance.
Indocyanine green (ICG) is an inexpensive and safe non-specific fluorescent probe that has been approved by the FDA for clinical use since 1959 for cardiac and liver function tests. Recently, ICG fluorescence-guided imaging, as a new technique, has been applied to guide sentinel lymph node detection in breast cancer [11, 12] , gastric cancer [3, 5, [13] [14] [15] [16] , colorectal cancer [17, 18] , and other malignant tumours [19] [20] [21] . On this basis, using a near-infrared (NIR) camera system, the current study took advantage of ICG to guide the detection of LPLNs in patients with middle-low rectal cancer, aiming to investigate whether this technology could be safely and efficiently used for LPND in patients with rectal cancer.
MATERIALS AND METHODS

Patients
After approval by the ethics committee of Cancer Hospital, Chinese Academy of Medical Sciences (NCC 2017-YZ-026, Oct 17, 2017), a total of 42 consecutive middlelow rectal cancer patients with clinical LPNM who underwent TME and LPND at the National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College between October 2017 and March 2019 were enrolled. The inclusion criteria of this study were as follows: (1) Patients with rectal adenocarcinoma confirmed by endoscopic biopsy; (2) Patients with suspected LPNM based on magnetic resonance imaging (MRI) evaluation; and (3) The tumour was located under the retroperitoneum (within 8 cm of the anal margin). The exclusion criteria were (1) recurrent patients and (2) patients with distant metastasis.
Patients who underwent TME and LPND with ICG-enhanced NIR fluorescenceguided imaging were assigned to an ICG group (n = 12), and patients who received conventional TME and LPND without ICG-enhanced NIR fluorescence-guided imaging were assigned to a non-ICG group (n = 30). All patients underwent the same preoperative examinations: routine blood test, hepatorenal function test, serum carcinoembryonic antigen (CEA), chest radiography, abdominal computed tomography (CT), endorectal ultrasonography, and pelvic MRI. Clinical LPNM was diagnosed based on MRI by two imaging specialists who specialized and had more than 10 years of experience in colorectal cancer. The assessment criteria were as follows: (1) ≥ 0.7 cm in short diameter; (2) ≥ 0.5 cm but ≤ 0.7 cm in short diameter with inhomogeneous or intense enhancement; and (3) Irregular shape and rough edges. Meeting one or more of the above criteria resulted in a diagnosis of LPNM. The pathological specimens were also examined by two pathologists who specialized in colorectal cancer. All patients in this study underwent surgery performed by four surgeons with more than 20 years of clinical experience. The American Joint Committee on Cancer (AJCC, the eighth edition) staging system was used for tumour staging. Additionally, written informed consent was obtained from each patient included in the study.
Surgical procedure
Perineal phase: All the patients were placed in the modified lithotomy position after anaesthesia. The anus was gently dilated until it was large enough to accommodate four fingers. To dilate the anus further and clearly observe the lower margin of the tumour, an anal dilator was placed into the proximal lip of the exposed mucosal edge with a vertical orientation. A fine needle (4.5 gauge) was inserted into the submucosal layer of the rectum through the anus, and ICG dye (Product Model: H20055881) was slowly injected into four sites on the anal side of the tumour. The total amount of injection for each patient was 4 mL (0.1 mg/mL) ( Figure 1 ).
Laparoscopic phase:
The five abdominal ports placed for laparoscopic LPND were the same as those used for TME. The laparoscopic skill was applied according to the radical principle. High ligation of the inferior mesenteric vessel, mobilization of the bowel, and dissection of the lymph nodes were performed laparoscopically, and the total mesorectal excision procedure with nerve-sparing techniques for rectal cancer was followed.
After the rectal tumour specimen was resected, ICG fluorescence-guided imaging was used via the near-infrared camera system (Karl Storz Endoskope spies TM GmbH & Co. KG, Tuttlingen, Germany) to guide lateral lymph node dissection. LPLNs were defined as lymph nodes distributed outside the pelvic plexus, including lymph nodes surrounding the internal iliac vessels, obturator fossa, and external iliac vessels. First, the direction of lateral lymph node drainage was determined by overall scanning under the guidance of ICG-enhanced NIR fluorescence-guided imaging ( Figure 2 ). When performing LPND, the ureters and hypogastric nerve were first separated and elevated to prevent damage to these structures. Then, the lymph nodes were dissected in order along the external iliac vessels and the common iliac vessels as well as in the obturator fossa and along the internal iliac vessels, separately and carefully, and the ureters and hypogastric nerve were protected carefully. The light sources were switched via a footswitch to help the surgeon quickly and accurately distinguish between lymph nodes and non-lymphatic soft tissue ( Figure 3) . The blood vessels, nerves, and residual soft tissues were examined by ICG-enhanced NIR fluorescenceguided imaging to prevent the omission of lymph nodes during dissection ( Figure 4 ). Patients in the non-ICG group underwent the same surgical approach as those in the ICG group, except that no ICG-enhanced NIR fluorescence-guided imaging was used for LPND.
Statistical analysis
The Statistical Package for the Social Sciences (SPSS) version 24.0 for Windows (IBM Corp, Armonk, NY, United States) was used for data analyses. Quantitative data are shown as the mean ± standard deviation and were analysed by Student's t-test. Categorical data are shown as frequencies and percentages and were analysed by the Chi-squared test or Fisher's exact test. All tests were two-sided, and a P-value less than 0.05 was considered to indicate statistical significance.
RESULTS
The baseline data for the patients in the ICG group and the non-ICG group are shown in Table 1 . There was no significant difference between the ICG group and the non-ICG group in terms of age, sex, BMI, ASA category, concomitant disease, type of operation, preoperative chemoradiotherapy, tumour differentiation, or tumour size (P > 0.05).
The surgical outcomes are shown in Table 2 . There was a significant between-group difference in terms of intraoperative blood loss and the number of lateral lymph nodes harvested. Compared to the non-ICG group, the ICG group had significantly lower intraoperative blood loss (55.8 ± 37.5 mL vs 108.0 ± 52.7 mL, P = 0.003) and a greater number of LPLNs harvested (11.5 ± 5.9 vs 7.1 ± 4.8, P = 0.017). Except for these two parameters, there was no significant difference in other factors, including LPND, LPNM, operative time, conversion to laparotomy, pT stage, pN stage, pTNM stage, postoperative complication, and hospital stay (P > 0.05). There were two (16.7%) patients in the ICG group and seven (23.3%) patients non-ICG group who underwent bilateral dissection (P = 0.953), and LPNM was diagnosed in three (25%) patients in the ICG group and three (10%) patients in the non-ICG group. The mean operative time was 255.7 ± 65.2 min in the ICG group and 273.1 ± 73.3 min in the non-ICG group (P = 0.108). No patient in the ICG group was converted to open resection, and two patients in the non-ICG group were converted to open resection due to intraoperative injury of the internal iliac vein and obturator artery. There was no positive circumferential resection margin or distal margin in the two groups. Postoperative anastomotic leakage occurred in one patient in the ICG group and was cured by washout and drainage. Four patients in the non-ICG group had postoperative complications: one patient had an intraperitoneal haemorrhage and was cured by administering haemostatics and transfusion; two patients had wound infections and were healed after open drainage and using antibiotics; and one patient had lymphatic leakage and was cured by fasting and adequate drainage. There was no statistically significant difference in the postoperative hospital stay between the two groups (P = 0.393).
During follow-up, enlarged LPLNs were found in two cases under CT imaging in the non-ICG group. As shown in Figure 5 , one patient developed ileus 10 days after surgery, and the CT revealed a residual lymph node in the distal left internal iliac artery. Another patient was found to have residual lymph nodes in the left obturator foramen region on CT re-examination 3 mo after surgery. There were omissions during LPND. Carcinoma infiltration was found based on the postoperative pathology after supplement surgery for further dissection of LPLNs. In addition, no residual tumours or recurrence was found in the ICG group.
DISCUSSION
The incidence of LPNM, which is one of the important metastatic pathways involved in middle-low rectal cancer, ranges from 8.6% to 21.0% [2] [3] [4] . LPNM indicates a worse prognosis and increased local recurrence. Sugihara et al [5] reported that the overall survival of patients with positive LPNM was significantly worse than that of stage III patients with negative LPNM (45.8% vs 71.2%, P < 0.001). In addition, the JCOG0212 clinical study of Japan showed that the recurrence rate of stage II/III patients was 13% (44/350) after TME surgery, while the LPLN recurrence rate was 56.8% (25/44) [22] . Therefore, LPLNs suspected of LPLM should be thoroughly dissected if the technique is feasible. However, LPND is controversial due to its technical difficulties and the complicated anatomy of the pelvic sidewall. Moreover, the tissue oedema and fibrosis induced by chemoradiotherapy further increase the difficulty of the surgery and thus have reduced the number of lymph node dissections.
Medical knowledge is constantly updated and changing. With the accumulation of clinical experience and new research broadening our knowledge, new surgical techniques and methods are being introduced. ICG-enhanced NIR fluorescenceguided imaging can provide a higher tissue penetration depth and better signal-tobackground ratio, so it is widely used in gastrointestinal perfusion assessment and lymph node dissection in various malignant tumours [3, 5, [13] [14] [15] [16] [17] [18] [19] [20] [21] . After peritumoural injection of ICG dye, sentinel lymph nodes and lymphatic channels between the tumour and lymph nodes can be identified. Noura et al [23] showed that the ICG fluorescence-guided imaging system was considered to be a practical and feasible technique for the detection of lateral sentinel nodes in middle-low rectal cancer and that it could be used to determine indications for LPND. In the current study, ICGenhanced NIR fluorescence-guided imaging helped the surgeon to distinguish lymph nodes from non-lymphatic soft tissues to increase the intra-operative protection of blood vessels and nerves and to improve the accuracy of detection in order to enable radical lymph node dissection. The results showed that compared to the non-ICG group, the ICG group had significantly lower intraoperative blood loss (55.8 ± 37.5 mL vs 108.0 ± 52.7 mL, P = 0.003) and a greater number of LPLNs harvested (11.5 ± 5.9 vs 7.1 ± 4.8, P = 0.017). This might be because ICG-enhanced NIR fluorescence-guided imaging can provide better sensitivity and specificity for lymph node detection. We believe that this novel technique could improve intra-operative surgical staging and ultimately lead to a better oncological outcome [24] . In this paper, we preferred to inject ICG into the submucosal layer of the rectum through the anus. Because of the high risk of ICG leakage during or after subserosal injection, this approach can significantly affect the target of fluorescence guidance. In addition, when ICG solution is administered at a higher concentration, the preparation penetrates into the soft tissue surrounding the lymph nodes during the dispersal process, and some lymph nodes are prone to accumulating ICG. This may lead to a local decrease in the initial fluorescence intensity after injection, and it may further interfere with the detection of lymph node fluorescence. Therefore, an ICG solution at a concentration of 0.1 g/mL was used in the present study. Ogura et al [25] reported that in patients with short axes of equal to or greater than 7 mm after neoadjuvant chemoradiotherapy, the 5-year local recurrence rate of LPLNs was 5.7% after the patients underwent TME + LPND, and 51% of the patients demonstrated pathologically proven lateral lymph node metastases. Postoperative recurrence of LPLNs may be related to missing some lymph node metastases or to omission in difficult areas such as the internal iliac artery during intraoperative dissection of the LPLNs [8, 26] . In the present study, two patients in the non-ICG group experienced incomplete LPND. Consequently, ICG-enhanced NIR fluorescenceguided imaging can accurately display the routes of lymph nodes and lymphatic vessels, providing clues for the detection of occult or missing lymph nodes, improving the accurate resection range, and thereby further reducing the risk of recurrence of LPLNs.
This study was limited by the small sample size, which might have caused some differences between the ICG group and non-ICG group that were not found in the current study. For example, the results showed a certain advantage for the conversion to laparotomy, as there was no patient that was converted to laparotomy in the ICG group, while two patients were converted to laparotomy in the non-ICG group, but no significant difference was found. Hence, the sample size should be expanded in further studies to fully analyse the effect of ICG-enhanced NIR fluorescence-guided imaging on laparoscopic LPND in rectal cancer.
In conclusion, this study showed that ICG-enhanced NIR fluorescence-guided imaging could be a feasible and convenient technique to assist LPND, as it could bring specific advantages regarding accuracy and completeness of surgery as well as safety. Moreover, this novel technique might make the surgery much easier and shorten the learning curve for surgeons who are not familiar with LPND. Tumor size (cm, mean ± SD) 3.5 ± 1. 
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Research background
Recently, ICG fluorescence-guided imaging has been applied to guide sentinel lymph node detection in various malignant tumours. As an effective treatment for lateral pelvic lymph node (LPLN) metastasis (LPNM), laparoscopic LPLN dissection (LPND) is limited due to the complicated anatomy of the pelvic sidewall and various complications after surgery. With regard to improving the accuracy and completeness of LPND as well as in terms of safety, we tried an innovative method using ICG visualized with a near-infrared camera (NIR) system to guide the detection of LPLNs in patients with middle-low rectal cancer.
Research motivation
The purpose of this study was to compare and analyse the clinical and pathological outcomes of LPND via an ICG-enhanced NIR fluorescence-guided imaging procedure vs a traditional procedure. The significance of this study is that it introduces a more effective and safe method for rectal cancer patients who undergo LPND.
Research results
The results showed that intraoperative blood loss was significantly lower in the ICG group than in the non-ICG group (P = 0.003). Compared to the non-ICG group, the ICG group had a significantly larger number of LPLNs harvested (11.5 ± 5.9 vs 7.1 ± 4.8, P = 0.017). In addition, no significant difference was found in terms of LPND, LPNM, operative time, conversion to laparotomy, preoperative complication, or hospital stay (P > 0.05).
Research conclusions
ICG-enhanced NIR fluorescence-guided imaging could be a feasible and convenient technique to guide LPND because it could increase the number of LPLNs harvested and bring specific advantages regarding the accuracy and completeness of surgery as well as safety.
Research perspectives
In this study, we emphasized that the location and concentration of ICG injection are critical for surgical outcome. Moreover, this is a retrospective study with a small sample size, and bias may exist. Further randomized prospective controlled trials are needed to confirm our results.
